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slurring in the lateral leads was independently associated with progression to non-
strict	cLBBB	(odds	ratio	4.64,	p	<	.001)	and	strict	cLBBB	(odds	ratio	9.6,	p	<	.001).	
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1  | INTRODUC TION
Complete	 left	 bundle	 branch	 block	 (cLBBB)	 is	 associated	with	 in-
creased	 cardiovascular	mortality,	 sudden	 cardiac	 death,	 and	 heart	
failure	(Surkova	et	al.,	2017).	Therefore,	the	presence	of	cLBBB	on	
the	 electrocardiogram	 (ECG)	 raises	 clinical	 awareness	 and	 often	






aims	to	assess	 (a)	the	clinical	profile	of	 iLBBB	patients,	 (b)	the	rate	
and	 risk	 factors	 of	 progression	 to	 cLBBB,	 and	 (c)	 the	 outcome	 of	
iLBBB	patients.
2  | METHODS
2.1 | Patient selection and iLBBB definition




Patients	 with	 suspicion	 of	 iLBBB	 diagnosis	 were	 screened	







was manually confirmed by two independent cardiologists accord-
ing	to	compliance	to	the	American	Heart	Association	(AHA)	criteria	
(Table	1):	(a)	QRSD	≥110	and	<120	ms;	(b)	R-wave	peak	time	>60	ms	
in	 leads	V4,	V5,	and	V6;	and	 (c)	 absence	of	q	waves	 in	 leads	 I,	V5	
and	V6	 (Surawicz	 et	 al.,	 2009).	 In	 case	 of	 borderline	QRSD,	mea-
surements were manually confirmed using digital calipers. When 
multiple	ECGs	were	available	within	a	short	 follow-up	time,	 iLBBB	
diagnosis was withheld if confirmed on sequential ECGs.
2.2 | Electrocardiographic analysis




and	 R-wave	 peak	 time	 (lateral	 leads);	 QRS	 axis;	 and	 PR,	 QT,	 and	
QTc	duration.	Digital	ECG	measurements	by	this	12SL	algorithm	in	
patients with bundle branch block have been previously validated 
by	 our	 group	 (De	 Pooter,	 El	 Haddad,	 Stroobandt,	 De	 Buyzere,	 &	
Timmermans,	2017).	The	presence	of	QRS	notching	and	slurring	in	













2.4 | Echocardiographic and dyssynchrony 
assessments
Echocardiographic	examinations	within	a	3-month	window	of	 first	
iLBBB	 diagnosis	 were	 used	 for	 echocardiographic	 analysis.	 Left	
ventricular dimensions were measured in conventional paraster-
nal	 views:	 left	 ventricular	 end-diastolic	 diameter	 (LVEDD)	 and	 left	
ventricular	 end-systolic	 diameter	 (LVESD).	 Left	 ventricular	 mass	
(LVM)	was	calculated	using	the	Devereux	formula	(Lang	et	al.,	2015).	
LVEDD,	LVESD,	and	LVM	were	indexed	for	body	surface	area	(BSA).	
The	 left	 ventricular	 ejection	 fraction	 (LVEF)	was	 judged	as	normal	
(≥55%),	mildly	reduced	(45%–54%),	moderately	reduced	(35%–44%),	
and	severely	reduced	(<35%).
Mechanical dyssynchrony was assessed by the presence of 
septal	flash	(SF).	SF	refers	to	a	pre-ejection	leftward	motion	of	the	
septum,	 followed	by	 septal	 rebound	 stretch	due	 to	 contraction	of	
the lateral left ventricular wall and is considered a typical pattern 
of	 cLBBB-induced	 mechanical	 dyssynchrony	 (Smiseth,	 Russell,	 &	
Skulstad,	 2012).	 Two	 echocardiographic	 experts,	 blinded	 to	 the	
ECGs,	reviewed	all	echocardiographic	studies	offline	(EchoPAC	ver-
sion	7.1.13	and	Xcelera	viewer	R3	version	3.3.1).	The	presence	of	SF	
was assessed visually and by M-mode in apical window and para-
sternal	long	axis	and	short	axis.	This	visual	assessment	of	SF	has	pre-
viously been validated with low inter- and intra-observer variability 
(Corteville	et	al.,	2017).
2.5 | Statistical analysis




Shapiro–Wilk	 test.	 To	 compare	means	 of	 two	 variables,	 Student's	
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t	 test	 and	Mann–Whitney	U test were used. Comparison of cate-
gorical variables among groups was performed by chi square test. 
Significant and near significant variables in univariate analysis were 






3.1 | Clinical, electro-, and echocardiographic 
characterization of iLBBB patients
The	study	enrolled	321	patients	diagnosed	with	iLBBB	on	a	stand-
ard	twelve-lead	ECG.	Mean	age	of	the	patients	was	74	±	11	years,	
and 33% of the patients were female. Coronary artery disease was 
present	 in	 143	 (45%)	 and	 valvular	 heart	 disease	 in	 73	 (23%)	 pa-
tients.	Median	QRSD	 at	 iLBBB	 diagnosis	was	 112	 (110;116)	ms.	
QRS notching and slurring in the lateral and inferior leads were 
observed	 in	 123	 (38%)	 and	 82	 (26%)	 iLBBB	 patients,	 respec-




electro-,	 and	 echocardiographic	 characteristics	 of	 all	 iLBBB	 pa-
tients are summarized in Table 2.
3.2 | Progression rate to cLBBB





recovery to normal QRS was observed.
3.2.1 | Clinical predictors of progression 
toward cLBBB
iLBBB	 patients	 who	 evolved	 to	 non-strict	 or	 strict	 cLBBB	were	
older	(75.8	±	9.6	and	76.4	±	9.6	years)	compared	to	patients	with-
out	progression	to	cLBBB	(71.9	±	11	years,	p = .007 and p	=	.016,	
respectively).	 No	 differences	 in	 gender	 distribution,	 anthropo-
metric	characteristics,	or	underlying	heart	disease	were	detected	
between	 patients	 with	 and	 without	 progression	 toward	 cLBBB.	
Comparison	of	all	clinical	characteristics	between	iLBBB	patients	
with	and	without	progression	to	strict	or	non-strict	cLBBB	is	sum-
marized in Table 3.









is summarized in Table 3.




p	 <	 .001	 and	79%	vs.	 31%,	p	 <	 .001,	 respectively).	 Likewise,	QRS	
notching/slurring in the inferior leads was more frequently observed 
in	patients	evolving	to	non-strict	cLBBB	and	strict	cLBBB	(33%	vs.	
20%,	p	=	 .036	and	35%	vs.	20%,	p	=	 .028,	 respectively)	compared	
to	 iLBBB	 patients	 without	 progression	 to	 cLBBB.	 Differences	 in	
QRSD	between	patients	with	and	without	evolution	toward	cLBBB	
Criteria QRS duration Additional features
iLBBB 110–119	ms •	 R-wave	peak	time	>	60	ms	in	leads	V4,	V5,	and	
V6
•	 Absence	of	q	waves	in	leads	I,	V5,	and	V6
Non-strict	cLBBB ≥120	ms •	 QS	or	rS	in	lead	V1
• Monophasic R wave with the absence of q 
waves	in	leads	V5	and	V6







TA B L E  1   Electrocardiographic criteria 
to diagnose incomplete and complete 
LBBBa
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were	small	(114	vs.	112	ms,	p	<	.05).	No	differences	in	R-wave	peak	
time,	QRS	axis,	PR,	QT,	and	QTc	intervals	were	observed	between	
groups. Comparison of all electrocardiographic characteristics be-


















ring	 in	 the	 lateral	 leads	were	older	 (75	vs.	73	years,	p	=	 .029)	and	had	













strict	 LBBB,	meaning	 that	merely	half	of	 the	patients	evolving	 to-
ward	cLBBB	fulfilled	strict	cLBBB	criteria	(Figure	2).




was independently of age associated with increased mortality.
3.5 | Echocardiographic follow-up in cLBBB patients
Follow-up	echocardiography	was	available	in	44	out	of	72	iLBBB	pa-
tients	evolving	to	non-strict	cLBBB.	No	significant	differences	were	

















Congenital heart disease n (%) 9	(3)
Valvular	heart	disease	n (%) 73	(23)
Heart failure n (%) 78	(24)
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observed	 in	 LVEDD	 between	 iLBBB	 stadium	 and	 cLBBB	 stadium	
(53	±	9.0	mm	vs.	55	±	9.2	mm,	p	=	.437).	LVEF	decreased	significantly	











from	 iLBBB	 to	cLBBB.	We	show	 that	among	 iLBBB	patients,	26.5%–
33.5%	of	the	patients	reveal	evolution	to	cLBBB,	depending	on	whether	
a	strict	or	non-strict	cLBBB	definition	is	used,	respectively.	The	presence	




4.2 | History of defining iLBBB
Incomplete	 bundle	 branch	 block	 was	 first	 described	 in	 1917	 by	




&	Rodriguez,	1950),	defining	 iLBBB	as	 “the	presence	of	slurring	 in	







for	 conduction	disturbances	 using	 following	diagnostic	 criteria:	 (a)	




































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































4.3 | The pathophysiology of QRS notching in the 
lateral leads
QRS notching/slurring has been proposed as diagnostic criterion to de-
fine	“true	cLBBB”	and	differentiate	cLBBB	from	QRS	prolongation	with	
cLBBB-like	 pattern	 caused	 by	 left	 ventricular	 hypertrophy	 (Strauss,	
Selvester,	&	Wagner,	2011).	Several	cLBBB	definitions	and	guidelines	
on conduction disorders consider mid-QRS notching/slurring as a key 
feature	 to	diagnose	 “true	cLBBB”	 (Brignole	et	al.,	2013;	Surawicz	et	
al.,	2009).	According	to	the	work	of	Strauss	et	al.,	QRS	notching	dur-
ing	cLBBB	represents	 slowing	of	 the	 right	 to	 left	 septal	 conduction,	
which	occurs	 typically	 in	cLBBB	 (Strauss	et	al.,	2011).	 In	electrome-
chanical	 experiments	 in	 dogs	 with	 varying	 degrees	 of	 mechanically	






only a delay in left ventricular activation but did not change the left-
to-right	septal	depolarization	front,	nor	revealed	the	above	mentioned	
ECG	features.	 Identical	electrocardiographic	changes	were	observed	
during progressive impairment of left bundle branch conduction with 
increasing	heart	rates	in	patients	with	rate-dependent	iLBBB	(Barold,	
Linhart,	Hildner,	Narula,	&	Samet,	1968;	Schamroth	&	Bradlow,	1964).











translates into worse outcome needs to be further determined.
4.5 | QRS notching/slurring as criterion to define 
“true” iLBBB
Our	 findings	 that	QRS	 notching	 is	 associated	with	 progression	 to	
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Notching/slurring in 
lateral leads (n = 123)
No notching/slurring in 
lateral leads (n = 198) p-Value
Clinical characteristics
Age	(years) 75	±	11 73	±	11 .029*
Female	sex	n (%) 38	(31) 67	(34) .585
BMI	(kg/m2) 27	±	4 28	±	5 .360
BSA	(m2) 1.88	±	0.18 1.91	±	0.22 .815
Echocardiographic measurements
EDD/BSA	(mm/m2) 28	(25;31) 28	(24;36) .570
ESD/BSA	(mm/m2) 19	(15;23) 19	(14;25) .820
LVM	(g) 219	±	83 209	±	70 .670
LVM/BSA	(g/m2) 114	(96;159) 119	(89;151) .634
LVEF
Normal	(≥55%) 46	(53) 73	(50) .670
Mildly reduced 
(45%–54%)
20	(23) 36	(25)  
Moderately re-
duced	(35%–44%)
15	(17) 20	(14)  
Severely reduced 
(<35%)
6	(7) 16	(11)  
ECG measurements








QRS	axis	(°) 3	(−29;38) 16	(−17;49) .029*
Note: Statistically significant p-values (p	<	.05)	are	marked	with	an	asterisk	(*)	and	bold	font.
Abbreviations:	BMI,	body	mass	index;	BSA,	body	surface	area;	EDD,	end-diastolic	diameter;	ESD,	
end-systolic	diameter;	LVEF,	left	ventricular	ejection	fraction;	LVM,	left	ventricular	mass.
TA B L E  4  Differences	in	clinical,	echo-,	
and electrocardiographic characteristics 
between	iLBBB	patients	with	and	without	
QRS notching in the lateral leads
F I G U R E  2  Evolution	to	cLBBB	in	
iLBBB	patients	with	and	without	QRS	
notching/slurring in the lateral leads
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in	 iLBBB	 is	 associated	 with	 reversed	 septal	 activation,	 raises	 the	
question whether QRS notching should be considered as a major 
diagnostic	 criterion	 to	 define	 “true”	 iLBBB.	 Indeed,	 the	 difficult	
electrocardiographic	 distinction	 between	 iLBBB	 and	 left	 ventricu-
lar hypertrophy has been a matter of debate since long (Willems et 
al.,	1985).	The	presence	of	QRS	notching/slurring	might	differenti-
ate	 “true	 iLBBB”	 from	 QRS	 prolongation	 with	 iLBBB-like	 pattern	
caused by left ventricular hypertrophy. Previous pathological work 
showed	 that	75%	of	 iLBBB	patients	with	presence	of	QRS	notch-
ing	 in	 the	 lateral	 leads	had	 truly	 injury	 to	 the	proximal	part	of	 the	
left	bundle	branch,	at	 its	 junction	with	 the	atrioventricular	bundle	
(Unger,	Greenblatt,	&	Lev,	1968).	These	pathological	findings	are	in	
line	with	the	growing	evidence	that	most	patients	with	“true”	cLBBB,	
including	 the	 presence	 of	 QRS	 notching	 in	 the	 cLBBB	 definition,	




the most distinctive ECG characteristic (highest sensitivity and best 





to	 strict	 cLBBB	 reflects	progressive	 impaired	proximal	 conduction	
delay	as	explanation	for	the	longer	QRS	duration.
Although	SF	was	scarce	in	iLBBB	patients,	most	of	the	patients	
with	SF	presented	QRS	notching	during	 iLBBB.	This	 is	 in	 line	with	
previous work from our group showing that QRS notching during 
cLBBB	is	associated	with	SF	among	cLBBB	patients	(Corteville	et	al.,	
2017).	The	low	prevalence	of	SF	among	iLBBB	patients	might	indi-
cate that these patients still have sufficient conduction in the left 
bundle	branch	(and	therefore	do	not	to	exhibit	SF).
Finally,	 all	 above-mentioned	 findings	 suggest	 that	 iLBBB	 and	
cLBBB	 are	 entities	within	 the	 same	pathophysiologic	 spectrum	of	
conduction delay in the left bundle branch and presumably only dif-
fer by the degree of impaired left ventricularconduction.
5  | LIMITATIONS
Our	 population	 represents	 a	 hospital	 population	 and	 therefore	
both	prevalence	of	iLBBB	and	progression	to	cLBBB	in	the	general	
population might differ from our population. Given the retrospec-




the limited availability of high-quality echocardiographic data and 
the	 restricted	 echocardiographic	 follow-up.	 Furthermore,	 we	 did	
not investigate the impact of clinical events during follow-up on the 
natural	history	of	progression	from	iLBBB	to	cLBBB.	This	could	have	
given us a better understanding on when and why progression to 





In	 this	 single-center	 registry	 of	 iLBBB	patients,	we	 showed	 that	 up	
to	one	 third	of	patients	 reveal	evolution	 to	cLBBB	during	a	median	




lead ECG identifies a population at high risk for the development of 
cLBBB.
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